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Abstract: Two fetus-specific globulins, al and a2·fetoglobulins,
were detected in rat fetal serum, and the former was detected in
amniotic fluid, using respective monospecific rabbit immune sera.
Immunochemical distinction of these two proteins was demonstrated.
By polyacrylamide gel disc electrophoresis, al-fetoglobulin was further
resolved into fast and slow migrating subcomponents having a similar
reactivity against the specific immune serum. The concentrations of
these globulins in the serum of adult rat with experimentally induced
hepatic lesions were determined by quantitative immunoprecipitin
method or the Ouchterlony test using the specific antisera.
Our studies on isozyme patterns of key glycolytic and gluconeogenic
enzymes in injured livers of both animal and man have provided evidences
of a reversion of differentiated liver cells upon liver injury towards those of
regenerating and fetal livers and of hepatoma (1). In addition, the hepatitis
and cirrhosis patients with increased faster migrating components of liver
G6PD (glucose-6-phosphate dehydrogenase, EC 1. 1. 1. 49), which were closely
associated with the increased ratio of G6PD/GSH in liver (2,3), have been
shown to be characterized by relatively high levels of serum arfetoprotein
(2). These observations prompted uS to investigate the appearance of f etus-
specific proteins in sera of adult rats with experimentally induced hepatic
lesions.
The present report describes the nature two fetus-specific proteins of rat
as well as quantitative or semi·quantitative data of their concentrations in fetal
fluids and sera from adult rats with various hepatic lesions. A method of
purification of these proteins and the microheterogeneity of purified al,feto-
globulin will be described elsewhere (4).
MATERIALS AND METHODS
Animals: Male Sprague.Dawley rats, weighing 200-300 g at the age of at
least three months and being maintained on Oriental Laboratory Chow MF,
were used. Fetal rat serum was collected by decapitation of fetuses, which
were obtained by cesarean section of female rats of the same strain at IS-20th
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days of pregnancy. Amniotic fluids were similarly obtained from 15-18 day-
old fetuses. Hepatic tumors were induced with an azo dye carcinogen, 3'·Me-
DAB (3'-methyl.4.dimethylamino-azobenzene), which was included in the diet
at a concentration of 0.06% (5). When the tumors became palpable following
7 months of the dye feeding, the animals were sacrificed for experiment and
referred to below as DAB rats. Cadmium-poisoned rats were prepared by
giving a single intraperitoneal injection of O. 1 mg of cadmium chloride (CdC1 2)
per 100 g body weight daily for two days and served for experiment 48 hr after
the first treatmert. Carbon tetrachloride (CC14 ) and thioacetamide·treated, par.
tially hepatectomized and AH-130.transplanted rats (referred to as AH·130 rats)
were prepared as described previously (6, 7). The sera obtained from at least
two animals were pooled and stored at - 20°C until they were used.
Disc electrophoresis: Vertical disc electrophoresis on polyacrylamide gels
was performed at 4°C by the method of DAVIS (8). Proteins were stained with
Amido Schwarz (9).
Immunoelectrophoresis and double-diffusion test: The immunoelectrophoresis
was carried out according to the standard procedure (10) with agar and/or
agarose and the agar double-diffusion test was performed as outlined by
OUCHTERLONY (11).
Antisera: Three male rabbits were immunized three times at an interval of
two weeks each by subcutaneous injection of 0.1 ml of pooled fetal serum (1. 5
mg protein) emulsified with an equal volume of Freund's complete adjuvant.
The animals were bled 8 weeks after the first injection and the serum was
separated. A specific antifetal.serum-immune serum was obtained by absorbing
3 ml of the whole antifetal-serum·immune serum with 1 ml of pooled adult
serum. Specific anti-O'l and O'2·fetoglobulin sera were prepared by absorbing
4 ml of the specific antifetal-serum.immune serum with 1. 3 ml of CdC1 2-treated
rat serum and with 2 ml of amniotic fluid (see Results under "Immunological
properties of antiserum against fetal serum"). Absorptions were made in a
water bath at 37°C for one hour.
Titration: The concentration of O'l·fetoglobulin in the serum was quanti-
tatively determined by the single radial immunodiffusion method of MANCINI
et al. (12). A pooled serum collected from a litter of fetuses was used as a
reference standard; the concentration of O'l-fetoglobulin in the standard serum
as estimated by disc electrophoresis was 7. 7 mg/ml. The concentration of 0'2'
fetoglobulin was determined by the Ouchterlony method, and the titer was
expressed as the reciprocal of the highest dilution of the antigen giving a visible
line of precipitation with the antiserum.
Materials: Freund's complete adjuvant and Noble agar were purchased
from Difco Laboratories Inc. Other reagents used were purchased from the
sources reported previously (6, 7, 13).
RESULTS
Disc electrophoresis ofproteins in sera, ascites and amniotic fluids obtained
under various experimental conditions: The most outstanding feature in protein
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profiles of fetal serum and amniotic fluid was the presence of two bands
located between albumin and al-globulin of adult serum (Fig. 1). Fast and
+
1 2 3 4 5 6 7 8 9 10 11 12
Fig. 1. Disc electrophoretic patterns of proteins in ascites, amniotic fluid and serum of
experimentally treated rats. Each 2-3 pI of undiluted protein samples were put on standard
gel columns and electrophoresed for 60 min at 4°C and 4 mA/tube. Samples applied on
columns were as follows: I and 7, adult pooled serum; 2, fetal serum; 3, amniotic fluid;
4, ascites fluid obtained from AH-130 rats by peritoneal puncture; 5, CdCl2-treated rat
serum; 6, CCl4 -treated rat serum; 8, thioacetamide-treated rat serum; 9, DAB rat serum;
10, AH-130 rat serum; 11, partially hepatectomized rat serum (48 hr after hepatectomy);
and 12, serum from sham-operated rats (48 hr after operation).
slow migrating components of the two fetal globulins had relative mobilities
against bromophenol blue (BPB) as a marker, RBPB, 0.58 and 0.55 and a
ratio in the protein distribution of 35 : 65, respectively. These fetus-specific
globulins were also demonstrated in the serum of DAB rats (RBPB, O. 58 and
O. 55; and protein distribution, 40: 60, respectively). The similar globulin
band in ascites and serum of AH-130 rats had slightly less RBPB value of
0.57. The other one or two protein bands between albumin and al-globulin,
which appeared to be distinct from the above described components and are
present in normal adult serum, were also noted in the sera of CdC12-treated,
hepatectomized, sham-operated and CC14 -treated rats.
Immunological properties of antiserum against fetal serum: When whole
antifetal-serum-immune serume was absorbed by adult serum, the resulting
antiserum revealed two precipitin lines against fetal serum but not normal
adult serum in the regions of a l and a2-globulins (Fig. 2). The two arcs of
precipitation did not merge into one another, showing a different reactivity
of the globulins against the specific antifetal-serum-immune serum. These
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Fig.2. Immunoelectrophoresis of al and a2-fetoglobulins from fetal serum.
Wells 1 and 3 contained adult serum and Well 2 fetal serum. Electrophoresis was
performed at room temperature for 100 min at 6 mA/cm and a constant voltage of
60 Von a mixture of 0.6% agarose and 0.6% Difco-Noble agar buffered at pH 8.6
with 12.5 mM barbital buffer. Trough a, whole antifetal-serum-immune serum;
Trough b, specific antifetal-serum-immune serum.
fetus-specific proteins are referred to as al and Q'2-fetoglobulin, respectively.
The arc of precipitation of al-fetoglobulin was located near the through
containing the antiserum as compared to that of Q'2-fetoglobulin (see also
Fig. 3. Double-diffusion analyses of a 1 and a 2-fetoglobulins in fetal serum.
Center wells in each plate contained fetal serum (Plates 1-41 or adult serum as
control (Plate 5). Outer wells contained antisera indicated as follows (clockwise
from top, undiluted, 2, 4, 8,16 and 32 times diluted serum): 1, whole antifetal-serum-
immune serum: 2 and 5, specific antifetal-serum-immune serum; 3, specific anti-
a2-fetoglobulin serum; and 4, specific anti-al-fetoglobulin serum.
4
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Figs. 4 and 5). Similar observations were made on the Ouchterlony plate, in
which al-fetoglobulin was demonstrated to be much closer to the central well
containing the antiserum as compared to a2-fetoglobulin (Fig. 3). a2-Feto-
globulin gave a positive, specific periodic acid-Schiff reaction (14) and is
therefore an a2-glycoprotein.
Immunoelectrophoretic analyses of amniotic fluid and serum from CdC12-
treated rat revealed single precipitin lines of al and a2-fetoglobulins, respec-
tively (Fig. 4). This observation proves that the anti-a1 and a2-fetoglobulin
+
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Fig.4. Immunoelectrophoresis of a 1 and a2-fetoglobulins in fetal serum, am-
niotic fluid and adult serum from CdC12-treated rat. Fifteen pI aliquots of normal
adult serum (Well 1) amniotic fluid (Well 2), CdC12-treated adult rat serum (Well 3)
and fetal serum (Well 4) were placed in the indicated wells and electrophoresed at
room temperature for 90 min on 1.5% agarose buffered at pH 8.6 with 12.5 mM
barbital buffer as described in Fig. 2. After electrophoresis, specific antifetal-
serum-immune serum was poured into the upper, middle and lower troughs (a, b
and c). The double-diffusion was performed at room temperature for 24 hr. The
plate was repeatedly washed with saline and stained with Amido Schwarz.
sera prepared as described under Materials and Methods are monospecific.
This was also demonstrated in the double-diffusion test with several antigens
as indicated in Fig. 5. The identity of al-fetoglobulins in fetal serum, am-
niotic fluid and serum from DAB rat was also demonstrated by the double-
diffusion analysis (Fig. 5). The serum of AH-130 rats did not react with the
specific anti-al-fetoglobulin serum, although the protein band with an RBPB
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value similar to Cl:'rfetoglobulin was observed. In all the cases of experimen-
tal conditions tested, the sera of treated animals had Cl:'2-fetoglobulins, which
are immunologically identical as revealed by the formation of single preci-
pitin lines against the antiserum (Fig. 5).
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Fig.5. Immunological identity of al or a2-fetoglobulin appeared in serum of
rats under different experimental conditions. Serum or amniotic fluid applied in
the upper and lower wells was diffused on a agar gel against specific anti-ar
fetoglobulin serum (a), specific antifetal-serum-immune serum (b) and specific anti-
a2-fetoglobulin serum (c). Upper and lower rows of wells contained; I, AH-130 rat
serum; 2, partially hepatectomized rat serum; 3, CdCl2-treated rat serum; 4, fetal
serum; 5, amniotic fluid; 6, CCl4-treated rat serum; and 7, DAB rat serum.
Immunological identity of two Cl:'l-fetoglobulins on disc electrophoresis of
serum from fetal and DAB rats: Densitometric tracings of protein bands
separated by disc electrophoresis on sera from adult, fetal, DAB and AH-130
rats are shown in Fig. 6. Portions of gel corresponding to bands of fetus-
specific protein were cut out separately and used for the double-diffusion
analysis. Fused lines of fast and slow components of Cl:'l-fetoglobulin were
found in sera from both fetal and DAB rats (Fig. 7). However, the postal-
bumin peak in AH-130 rat serum failed to react with the antiserum as de-
scribed previously. In all three preparations tested, another precipitin line of
Cl:'2-fetoglobulin, which did not fuse with the precipitin lines of Cl:'l-feto-
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Fig.6. Densitometric profiles of rat serum proteins under various experimen-
tal conditions on polyacrylamide disc electrophoresis. Two to three pI aliquots of
serum were applied on gel columns and electrophoresed. Proteins were stained
with Amido Schwarz. The stained gels were scanned from left (top) to right
(bottom) by a densitometer. The large peak located at the extreme right corresponds
to albumin. A, normal adult serum; B, fetal serum; C, DAB rat serum; and D,
AH-130 rat serum. Numbers indicate portions of unstained gel as shown by 0 at
the bottom of figures. These gel portions were separately cut for double-diffusion
analysis and put into outer large wells as indicated dy corresponding numbers (1, 2
and 3) in Fig. 7.
globulin, was formed between the wells contammg a disc from the origin
and the antiserum. Similar results were obtained with fetal serum by acryl-
amide gel immunoelectrophoresis (Fig. 8).
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Fig. 7. Immunological identity of two components of al-fetoglobulin separated
by disc electrophoresis. B, fetal serum; C, DAB rat serum; and D, AH-130 rat
serum. Portions of electrophoresed gels were cut in 4-5 mm thick (1, 2 and 3 as
illustrated in Fig. 6) according to RR"B value of each component. Center wells in
each plate contained specific antifetal-serum-immune serum.
Concentration of <Xl and <X2-fetoglobulin in sera of rats with experimentally
induced hepatic lesions: Table I gives the concentrations of (Xl and <X2-feto-
globulins of ascites, amniotic fluid and sera of experimentally treated animals.
Among sera of the treated adult rats, <Xl-fetoglobulin was detected only in
the serum from DAB rats; however, its concentration did not exceed that in
fetus. <X2-Fetoglobulin was detected in all the sera of treated animals except
amniotic fluid and adult serum. The highest level of <X2-fetoglobulin found
was 256 for the serum of DAB rats.
8
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Fig.8. Disc electrophoretic localization of al and a2-fetoglobulins in fetal serum
on polyacrylamide gels. Three pI aliquots of fetal serum were applied on polyacryla-
mide gels and electrophoresed as described in legend to Fig. 1. An electrophoresed gel
was stained for protein with Amido Schwarz (A). Another electrophoresed gel was
placed on a glass plate and covered with 1.5% Difco-Noble agar at 50°C (B). Double-
diffusion test was performed after specific antifetal-serum-immune serum was put into
upper and lower throughs (a and b). A schematic illustration is shown by combining A
and B.
TABLE 1 al AND a2-FETOGLOBULINS IN EXPERIMENTALLY INDUCED HEPATIC
LESIONS OF RAT
Treatments of rat Materials a 1-Fetoglobulin a2-Fetoglobulin*(mg/ml)
-~---~
Adult, untreated Serum ND** ND
Fetus Serum 7.2 128
Amniotic fluid 1.3 ND
Adult, CC14 -treated ND 32
thioaceta mide-treated ND 16
CdC1 2-treated ND 128
partially Serum ND 16hepatectomized
sham-operated ND 8
with DAB-induced 0.9 256hepatoma
with ascites hepatoma
Serum(AB-130) ND 32
Ascites ND 16
* Expressed as the reciprocal of the dilution (see the text).
** ND, not detected.
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DISCUSSION
Three specific fetal antigens in fetal rat serum, antigen LA, Q'2-g1yco-
protein and lipoprotein-esterase, have been already separated and characte-
rized by STANISLAWSKI-BIRENCWAJG (15). The results of our studies on two
fetoglobulins, Q'l and Q'2-fetoglobulins, in fetal serum or amniotic fluid and
sera or ascites fluid from adult rats with experimentally induced hepatic
lesions agree well with those of STANISLAWSKI-BIRENCWAJG on two antigens, anti-
gen LA and Q'2-g1ycoprotein, although no lipoprotein-esterase was found in our
studies. A single band of Q'l-fetoprotein in the region of postalbumin found
in Cellogel electrophoresis was further separated into two immunologically
identical components by disc electrophoresis. Q'l-Fetoprotein purified from
fetal serum was also demonstrated to have electrophoretically two distinct
components, details of this observation being published elsewhere (4).
Detection of Q'l-fetoglobulin by Ouchterlony test in the sera of normal
adult mice upon CCl4 intoxication and partial hepatectomy has been reported
(16). The concentrations of serum ul-fetoglobulin in adult rats appeared to
be much lower even at its maximum level (60-170 ng/ml), which may be
attained at fourth day after CCl4 administration and could be measured only
after employing radioimmunoassay (17).
Q'2-Fetoglobulin, a carbohydrate-containing macroglobulin, is known to
occur in fetal and neonatal rats and in partially hepatectomized, pregnant,
tumor-bearing and injured adult rats, but not in normal adult rats (18-20).
This Q'2-g10bulin has been reported to migrate more slowly than is-globulin
in vertical starch-gel electrophoresis (21) and antigenically unrelated to any
protein components of normal adult serum (20). The protein has been termed
as slow Q'2-globulin (19), Q'~-AP (acute phase) globulin (20) or abnormal
serum component (ASC) (22). The liver is shown to synthesize this protein
(23, 24); de novo synthesis and secretion of Q'2-(acute phase) globulin in
turpentine-injured rat liver have been cleary demonstrated using the isolated
perfused liver (25). Synthesis of this acute phase globulin have been chosen
as a model system to investigate the mechanisms involved in regulation of
mammalian gene expression and protein synthesis (25). The synthesis of this
protein could be enhanced by administration of turpentine (20), bacterial
endotoxin (26) or trypan blue (27). Although Q'2-fetoglobulin is physico-
chemically and immunologically unrelated to C reactive protein (20), the
results of these studies suggest that the presence of Q'2-fetoglobulin is a sensi-
tive index of tissue injury and cell death. Q'2H protein frequentry found in
sera of patients with neoplastic diseases has been assumed to be similar to
Q'2-fetoprotein in rat (28), while the Q'-fetoprotein found in primary hepatoma
10
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patients (29) corresponds to a'l-fetoglobulin as may be appearently seen in
the present studies and in those of Hirai's group (30, 31).
Acknowledgement: The authors wish to thank Dr. Yukio MAEDA for kindly providing DAB
rat serum.
REFERENCES
1. TAKETA, K., TANAKA, A., WATANABE, A., TAKESUE, A., AOE, H. and KOSAKA, K.: Induc-
tion of hepatic key glycolytic enzymes by liver injury. Proc. Symp. Chern. Phys. Path. 11,
30-35, 1971 (in Japanese)
2. WATANABE, A., TAKETA, K. and KOSAKA, K.: Molecular forms of glucose-6-phosphate
dehydrogenase in liver diseases. Acta Med. Okayama 27, 15-26, 1973
3. WATANABE, A., TAKETA, K. and KOSAKA, K.: Three interconvert:ble forms of glucose-
6-phosphate dehydrogenase in human liver and erythrocyte. Enzyme 13, 203-210, 1971
4. WATANABE, A., TAKETA, K. and KOSAKA, K.: manuscript in preparation
5. MILLER, J. A. and MILLER, E. C.: The carcinogenic aminoazodyes. Adv. Cancer Res. 1,
339-396, 1953
6. TAKETA, K. and WATANABE, A.: Interconvertible microheterogeneity of glucose-6-phos-
phate dehydrogenase in rat liver. Biochim. Biophys. Acta 235, 19-26, 1971
7. WATANABE, A., TAKETA, K. and KOSAKA, K.: Glutathione-dependent interconversion of
microheterogeneous forms of glucose-6-phosphate dehydrogenase in rat liver. J.
Biochem., Tokyo 72, 695-701, 1972
8. DAVIS, B. J.: Disc electrophoresis. II. Method and application to human serum proteins.
Ann. N. Y. Acad. Sci. 121, 404-427, 1964
9. WATANABE, A. and TAKETA, K.: Purification of rat liver glucose-6-phosphate dehydro-
genase by batch wise adsorption and substrate elution. J. Biochem., Tokyo 72, 1277-1280,
1972
10. GRABAR, P. and WILLIAMS, C. A.: Methode immunoeIectrophoretique danalyse de me-
langes de substances antigeniques. Biochim. Biophys. Acta 17, 67-74, 1955
11. OUCHTERLONY, 0.: Antigen-antibody reactions in gels; types of reactions in coordinated
systems of diffusion. Acta Path. Microbiol. Scand. 32, 231-240, 1953
12. MANCINI, G., CARBONARA, A. O. and HEREMANS, J. F.: Immunochemical quantitation of
antigens by single radial immunodiffusion. Immunochem. 2, 235-254, 1965
13. WATANABE, A. and TAKETA, K.: Immunological studies on glucose-6-phosphate dehy-
drogenase of rat liver. Arch. Biochem. Biophys. 158, 43-52, 1973
14. URIEL, J.: Les reactions de caracterisation des constituants proteiques apres electro-
phorese et immuno-electrophorese en gelose. Analyse Immuno-electrophoretique, p. 33-56,
Masson, Paris, 1960
15. STANISLAWSKI-BIRENCWAJG, M.: Specific antigens of rat embryonic serum. Cancer Res. 27,
1982-1989, 1967
16. ABELEV, G. I., PEROVA, S. D., KHRAMKOVA, N. I., POSTNIKOVA, Z. A. and IRLlN, 1. S.: Em-
brybryonic serum alpha-globulin and its synthesis by transplantable mouse hepatoma.
Biochem. USSR English Transl. 28, 625-634, 1963
17. WATABE, H., NISHI, S. and HIRAI, H.: Early appearance of a-fetoprotein in rat serum
during chemical carcinogenesis. Proc. Japan. Cancer Assoc. 31st Annual Meeting, p.12, 1972
18. BEATON, G. H., SELBY, A. E., VEEN, M. J. and WRIGHT, A. M.: Starch gel electrophoresis
of rat serum proteins. II. Slow a2-g10bulin and other serum proteins in pregnant,
tumor-bearing, and young rats. J. Biol. Chem. 236, 2005-2008, 1961
19. BOFFA, G. A., NADAL, C., ZAJDELA, F. and FINE, J. M.: Slow alpha2-g10bulin of rat serum.
11
Watanabe et al.: Immunological properties of two fetus-specific globulins of rat
Produced by The Berkeley Electronic Press, 1974
332 A. WATANABE, K. TAKETA and K. KOSAKA
Nature, Lond. 203, 1182-1184, 1964
20. WEIMER, H. E. and BENJAMIN, D. C.: Immunochemical detection of an acute-phase pro-
tein in rat serum. Amer. J. Physiol. 209, 736-744, 1965
21. HElM, W. G.: Relation between rat slow alpha2-globlin and alpha2-macroglobulin of
other mammals. Nature, Lond. 217, 1057, 1968
22. LAWFORD, D. J.: An abnormal serum component in experimental poisoning by cadmium
chloride and other metals. Biochem. Pharmac. 7, 109-1.22, 1961
23. BENJAMIN, D. C. and WEIMER, H. E.: Synthesis of a2-AP (acute phase) globulin of rat
serum by the liver. Nature, Lond. 209, 1032-1033, 1966
24. SARCIONE, E. J.: Hepatic synthesis and secretory release of plasma a2 (acute phase)-
globulin appearing in malignancy. Cancer Res. 27, 2025-2033, 1967
25. SARCIONE, E. J.: Synthesis and secretion of a2-(acute phase) globulin by the isolated
perfused liver from injured adult rats. Biochemistry, N. Y. 9, 3059-3062, 1970
26. LAWFORD, D. J. and WHITE, R. G.: Abnormal serum component after Escherichia coli
endotoxin administration to male and female rats. Nature, Lond. 201, 705-706, 1964
27. YAMADA, T.: Abnormal protein observed in trypanblue-treated rats. Proc. Soc. Exp. Bioi.
Med. 101, 566-568, 1959
28. BUFFE, D., RIMBAUT, C. and BURTIN, P.: Presence of a tissue protein, a2H globulin, in
the serum of patients with neoplastic diseases. Int. J. Cancer 3, 850-856, 1968
29. NISHI, S. and HIRAI, H.: The use of radioimmunoassay of a-fetoprotein for the
diagnosis of hepatoma. Jap. J. Nuclear Med. 9, 155-156, 1972
30. WATABE, H.: Early appearance of embryonic a-globulin in rat serum during carcino-
genesis with 4-dimethyl-aminoazobenzene. Cancer Res. 31, 1192-1194, 1971
31. WATABE, H., HIRAI, H. and SATOH, H.: a-Fetoprotein in rats transplanted with ascites
hepatoma. GANN 63, 189-199, 1972
12
Acta Medica Okayama, Vol. 28 [1974], Iss. 5, Art. 3
http://escholarship.lib.okayama-u.ac.jp/amo/vol28/iss5/3
